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INTRODUCTION
Molybdenum (Mo) is one of the eight micronutrient elements re-
quired for the growth and development of plants. Symptoms of Mo de-
ficienc\- are known to exist in more than 40 higher plants (Hewitt,
1956). Its essentiahty for plant growth was established over 30 years ago
(Arnon and Stout, 1939). Since then, Mo deficiencies have been reported
throughout the ^vorld, especially on acid soils in North America, Austra-
lia, and Xe^v' Zealand (Anderson, 1956; Rubins, 1956).
During the past decade, reported incidences of Mo deficiences of cer-
tain crops giown on acid soils in the United States have increased sig-
nificantlv. In 1955, Mo deficiencies of crops grown under field concHtions
had been observed in only 13 states (Rubins, 1956). By 1962, the number
of states reporting deficiencies had increased to 21 (Berger, 1962).
Since Mo is essential for symbiotic nitrogen fixation, Mo deficiency
is frequently observed on legumes. However, deficiency has been noted on
man\ other agronomic and horticultural plants. Crops that are classed as
responsi\e to application of Mo under soil or environmental conditions
fa\ oral^Ie to a deficiency of the element are: cauliflower, broccoli, lettuce,
onion, spinach, soybean, and clover (Lucas, 1967). Corn, cotton, rice,
small giains, and grass are considered to be nonresponsive crops (Lucas
and Knezek, 1972).
The relatively small fraction of the total Mo content of a soil that is
considered to be "available" to the plant is dependent on the soil reac-
tion (Hodgson, 1963; Leeper, 1970). Unlike most other micronutrient
elements, Mo becomes relatively more "available" as the pH of the soil
is increased. Therefore, responses to Mo added as fertilizer are greatest on
acid soils and least on alkahne soils. The application of limestone to
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acid soils is an effective method of increasing tlie "availability" of soil
Mo and the concentration of Mo in plants (Allaway, 1968).
The rapid expansion of soybean acreage in Louisiana has resulted in
tlie planting of this crop on many soils that are too acid for the profitable
production of a legume crop. Soil test summaries indicate that 35 percent
of the soils from all areas of the state, otlicr than those in the Mississippi
and Red River floodplains, had pH values below 5.5 (Brupbacher et al.,
1970). There is a critical need for additions of limestone to adjust the
reaction of the acid soils to pH 6.5 for the economical production of soy-
beans. Several investigators reported a yield response by soybeans to ap-
plication of Mo on acid soils or on soils that were not adequately limed
(Sedberry et al., 1966; deMooy, 1970; Keogli et al., 1971).
Soybeans and clover grown on a limited number of soils in Louisiana
have shown responses in the production of dry matter to application of
Mo under greenhouse conditions. In most cases, the responses attributed
to Mo fertilization were obtained on soils that were acid in reaction.
Greenhouse studies cannot be expected to indicate very accurately what
would occur in the field under actual farming conditions.
The primary objectives of this investigation were: (1) to determine
the effect of Mo fertilization on the yield of soybeans grown on soils
under field conditions at different locations in the state, (2) to determine
the effects of application of limestone and chfferent rates and methods of
application of Mo on the yield of soybeans, (3) to relate soil reaction
(pH) and extractable soil calcium (Ca) to the response to applied Mo,
and (4) to develop a method that might be used to predict a response by
soybeans to applied Mo.
REVIEW OF LITERATURE
Molybdenum (Mo) may be present in soils in a number of different
forms. It may occur as part of the mineral structure of soils, as an
anion adsorbed by soil materials, and it may be bound with organic
matter (Dobritskaya, 1961).
Davies (1956) classified soil Mo into four groups: (1) it may be held
within the crystal lattice of primary and secondary minerals and is not
available to plants; (2) it may be retained by clay minerals as the anion
Mo04=, and the "availability" to higher plants is dependent upon soil
reaction (pH) and probably the phosphate status; (3) molybdenum may
also be a constitutent of soil organic matter; (4) a relatively small amount
of the element may exist in the water soluble form.
Based on solubilities of the different oxides of Mo and the adsorption
of the element by cotton seedlings, Amin and Joham (1958) suggested the
following classification: (1) water-soluble Mo consisting largely of soluble
salts which are considered available to plants; (2) ammonium hydroxide-
soluble Mo which corresponds closely to the solubility of Mo trioxide,
MoOo. The M0O3 is readily available to plants; (3) oxidizable Mo which
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is not available to plants, and whose solubility closely corresponds to the
reduced oxides of Mo, MoO. and M00O5.
Molybdenum is generally found in soils in very small amounts. Al-
though plants need only a very small amount of the micronutrient ele-
ment, most of the Mo present in soils is held in an "unavailable" con-
dition. This is especially true for acid soils, where most of the responses
to Mo have been reported (Barshad, 1951; Mulder, 1954; Parker and
Harris, 1962; James et al., 1968; Gupta, 1969). The total content of Mo
in the soil does not reflect the amount "available" to plants, since a
large part of the Mo is fixed in soil as insoluble sesquioxides of iron and
aluminum (Leeper, 1970).
A considerable quantity of Mo may be present in organic matter. Some
of the peat soils in Florida contain excessive amounts of Mo (Gammon
et al.. 1955). Grigg (1953) noted a correlation between loss on ignition
of soils and Mo extracted with NaOH. His data suggested that a definite
amount of Mo in soils was associated with the organic matter fraction.
The total Mo content in soils generally varies from 0.6 to 3.5 ppm
(Evans and Purvis, 1951; Grigg, 1953; Robinson and Edington, 1954;
Robinson et al., 1951). Some soils contain considerably larger amounts
of total Mo than do others. An extremely large amount of total Mo,
31.5 ppm, was found by Robinson et al. (1951) in DeKalb silt loam.
The large amount of Mo found in this soil was attributed to the high
Mo content of the parent material.
According to Grigg (1953), the ammonium oxalate-extractable Mo
content of several soils in New Zealand varied from 0.03 to 0.22 ppm.
The water-soluble Mo content of soils is reported to be generally low.
Gammon et al. (1955) determined soil Mo with different extracting solu-
tions. The results showed that water-soluble Mo was lowest, ammonium
livdroxide-soluble was highest, and nitric acid-soluble was intermediate.
The uptake of Mo by plants from a culture solution has been re-
ported to be favored by an acid reaction (Stout et al., 1951). The effect
of lime on decreasing the acidity of the soil, and in turn increasing the
uptake of Mo by plants, is due to the effect of the lime in increasing the
supply of "available" Mo in the soil, rather than to the physiological
effect of soil reaction on the absorption of Mo by plants (Anderson,
1956).
The practice of liming the soil to correct the Mo-deficiency disease
commonly referred to as "whiptail" of cauliflower was known long be-
fore the true nature of the disease was discovered (Clayton, 1924). A
disease in citrus, called "yellow spot," is also caused by Mo deficiency.
This disease was first described by Stewart and Leonard (1952); it was
corrected by liming. In soils where the total Mo content is low, liming
may have a limited value in correcting Mo deficiency (Anderson, 1946).
On some soils, responses to Mo were not obtained where lime had been
applied (James et al., 1968).
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Several investigators have demonstrated that application of lime to
acid soils increases the Mo content of plant tissue (Barshad, 1951; Evans
et al., 1951; Robinson et al., 1951; Giddens and Perkins, 1960; Welch and
Anderson, 1962; James et al., 1968; Gupta, 1969; Gurly and Giddens,
1969). Robinson et al. (1951) reported that liming an acid soil to pH
7.0-7.6 increased the Mo content of ryegrass nearly as much as it did that
of the legumes. James et al. (1968) obtained similar results with alfalfa
grown under field conditions on acid soils in Oregon. With a low total
Mo content in the soil, 0.60 ppm, Giddens and Perkins (1960) obtained
only a slight increase in the Mo content of alfalfa as a result of adjusting
the soil reaction from pH 5.5 to 6.3. Gupta (1969) also showed that liming
the soil to pH 6.5 did not increase the Mo content of cauliflower, alfalfa,
or bromegrass over 1.5 ppm.
It has been demonstrated by many workers that liming also increases
the uptake of applied Mo (Ahlrichs et al., 1963; Evans et al., 1951;
James et al., 1968).
Only limited data are reported regarding the effect of lime on the up-
take of Mo by soybeans. Nugent et al. (1967) reported an increase of
both native and applied Mo in soybean leaves resulting from the appli-
cation of limestone. Gurley and Giddens (1969) grew soybeans on two
soils with three lime levels and varying levels of Mo applied to the seed
and foliage. When the soil was limed to pH 6.5 and Mo was applied to
the foliage, a high Mo content of the seed resulted.
According to Tisdale and Nelson (1966), the anion Mo04= may be
adsorbed by clays, and an increase in its availability with increasing pH
values could be explained partly by the following equation:
clay
Mo04= HO-
+ 2 OH-
^
' MoO,= + HO
MoO.= Mo04=
clay
Barshad (1951) showed that the removal of molybdate anions from the
solution by acid clays was accompanied by an increase in the pH of
the solution. He postulated that exchange between molybdate anions
Mo04= or HM04-, and hydroxyl ions of the clay takes place in the soil
in the same manner as phosphate ions. The following equation was used
by Barshad (1951) to illustrate the reaction:
clay
OH-
^JJ: + 2 MoOr ^
'
clay
OH-
Mo04=
+ 4 OH-
MoO^=
Amin and Joham (1958) proposed a Mo cycle in soils in which soluble
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Mo salts were in equilibrium with less soluble Mo trioxide, M0O3. The
following illustration ^vas used to show^ the equilibrium reaction:
Soluble Mo salt ^ M0O3
~^
MoOo
In acid soils, the equilibrium would be in favor of M0O3. By increasing
the pH, the equilibrium would shift to the left, forming soluble Mo
salts, which results in a lowering of the amounts of slightly soluble M0O3.
Several workers have reported that Mo uptake could be increased by
the application of phosphorus (P) to a soil (Barshad, 1951; Stout et al.,
1951; Mulder, 1954). According to Barshad (1951), the Mo content of
Ladino clover was greatly increased by the application of phosphoric
acid. Acidifying the soil with sulphuric acid, however, reduced the Mo
content of clover.
Stout et al. (1951) also reported an increase in Mo uptake by sub-
terranean clover that received an application of P. The increases were
particularly evident when P and Mo were applied in combination. The
Mo content in the plant tissue was increased ten- to thirtyfold over
that of tissue of plants grown on soils that did not receive P.
Mulder (1954), working with soils in The Netherlands, found that
the soils on w^hich plants responded to added Mo were low in "available"
P. An application of P alone to these soils exerted the same effect as
did a Mo application. An application of Mo reduced the need of added
P and resulted in the optimum growth of cauliflower.
There are only a few theories concerning the influence of P on the
increased uptake of Mo. Davies (1956) proposed the possibility of an
anion exchange effect in soils in which P replaced Mo which was held
on the exchange complex. Since the uptake of Mo in water culture is
similarly enhanced by P, another explanation is needed to explain the
relationship betwen P and Mo. The relationship between the soil anions
molybdate and phosphate may be associated with the formation of a
complex phosphomolybdate anion which is absorbed more easily by
the plant than the molybdate anion alone (Barshad, 1951).
Several workers have reported that the application of superphosphate
depressed the Mo content of the plant (Gupta and Cutcliffe, 1968; Ouel-
lette, 1963; Widdowson, 1966). Since superphosphate contains approxi-
mately 50% calcium sulphate, the depressing action of superphosphate
on the uptake of Mo by crops may not be due to the phosphate ion, but
rather to the sulphate ion (Stout et al., 1951).
In an experiment conducted under greenhouse conditions, sulphur
(S) as ammonium sulphate was found to increase the yield and S content
of Brussels sprouts and it sharply reduced the Mo content of the plant
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tissue (Gupta and Munro, 1969). When Mo was applied, S was much
more effective in decreasing the Mo content of the plant tissue. Stout
et al. (1951) reported that S applied as calcium sulphate decreased Mo
absorption by tomatoes and peas. The data reported by Gupta and
Munro (1969) and Stout et al. (1951) suggested that the sulphate ion
was responsible for depressing the absorption of Mo by plants.
Walker et al. (1955) found that calcium sulphate reduced the yield of
clovers, and this was attributed to the increased uptake of manganese
(Mn), which resulted in an antagonism between Mn and Mo in the
plant. The antagonistic effect was overcome by the application of Mo.
According to Reisenauer (1963), S fertilization apparently reduced
the efficiency of utilization of Mo by the pea plant. This was especially
true when low levels of Mo were found in the plant tissue. Reisenauer
(1963) concluded that higher levels of Mo in plants are generally re-
quired for maximum yield, as the S content of the plant tissue is in-
creased as the result of S fertilization.
The depressing effect of the sulphate ion on Mo uptake may be due
to its acidifying action on the soil (Berger and Pratt, 1963). However,
the main cause apparently lies in the physiological effect of sulphate in
decreasing the Mo uptake in plant tissue. Since the Mo04= anion is
divalent and is the same size as the S04= anion, it is possible that these
two anions may compete directly for absorption sites on the roots during
the first step of absorption from the soil by plants (Stout et al., 1951).
Gupta and Munro (1969) showed that relatively high rates of S did not
change the pH of the soil and yet S had a depressing effect on the
uptake of Mo.
Several attempts have been made to relate the Mo content of plants
to yield (deMooy, 1970; James et al., 1968; Lavy and Barber, 1963;
Melsted et al., 1969; Reisenauer, 1956). Reisenauer (1956) reported that
there was a relationship between the yield of alfalfa and Mo content
of the plant. He stated that an increase in the yield of alfalfa resulting
from fertilization with Mo would not be expected when the Mo content
of the leaves was greater than 0.4 to 0.5 ppm. James et al. (1968) re-
ported that the critical level for Mo in alfalfa was from 0.3 to 0.5 ppm.
Gupta and MacKay (1968) found significant positive relationships be-
tween the Mo content in plant tissue and the yield of plants grown in
untreated soils.
According to Melsted et al. (1969), the critical value for Mo in the
plant tissue of soybeans was 0.5 ppm. deMooy (1970), however, obtained
yield responses to applications of Mo when leaf concentrations of Mo
were far above the critical value reported by Melsted et al. (1969).
Lavy and Barber (1963) suggested that the Mo content of soybean
seed would be a suitable indicator of the "available" Mo status of a
soil. They found that when the Mo content of soybean seeds from un-
treated soils exceeded 1.6 ppm, little or no yield response was obtained
from an application of Mo. According to Lavy and Barber (1963), the
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analysis of soybean seed for Mo has two advantages over the analysis of
tissue samples from other parts of the plant. The relatively large amount
of Mo in seeds assured more precision in measurement, and the analysis
of mature seeds minimized differences in Mo contents due to differing
stages of plant de\elopment.
The establishment of critical levels of Mo in plant tissue must be
made ^vith due consideration to the particular plant part analyzed. The
physiological age of the different plant parts should also be taken into
consideration. Reisenauer (1956) showed that the concentration of Mo
in the leaves of alfalfa plants was approximately four times that of the
stems. He also noted that wide variations in leaf-to-stem ratios had
probably accounted for failures by some workers to obtain significant
correlations between Mo analyses and fertilization rates.
Barshad (1951) demonstrated that the Mo content tends to increase
\\ith age of the plant, particularly during periods of slow growth. The
level of other plant nutrient elements may also influence the relationship
between the Mo content in plant tissue and the yield (Mulder, 1954;
Reisenauer, 1963). When Mo deficiency limits growth by restricting sym-
biotic nitrogen fixation, the Mo content of legumes can be misleading
(Ahlrichs et al., 1963).
Aspergillus niger had been used for the bioassay of "available" Mo
in soils (Mulder, 1948; Nicholas and Fielding, 1951). The method is
very sensitive and has been used to determine lower concentrations of
Mo in plant tissue extracts and in plant ash than could be detected by
chemical methods (Nicholas and Fielding, 1951). Aspergillus 7iiger has
the advantage that it is not subjected to certain interactions to the same
extent as are higher plants (Mulder, 1954). Correlations between the
"availability" of Mo to Aspergillus niger and to higher plants have also
been noted (Mulder, 1948; Mulder, 1954).
A variety of chemical extractants have been used to determine the
Mo content of soils (Barshad, 1951; Gammon et al., 1955; Grigg, 1953).
According to Davies (1956), neutral normal ammonium acetate, normal
ammonium acetate adjusted to pH 9 with NH^OH, 1.0 N NH^OH,
water, 10 .V HNOo, and 10 N NH.OH have been used to extract Mo.
Grigg (1953) noted that responses to applications of Mo were obtained
when the ammonium oxalate extractable Mo level of the soil was be-
low 0.14 ppm, provided the soil reaction was below pH 6.3. Mueller
et al. n964) determined the extractable Mo content of 1,500 soil samples
bv the method proposed by Grigg (1953) and, by using pH + (10 xppm Mo) as a yardstick, they found that the application of Mo stimu-
lated .growth of alfalfa when the value was 6.2 or less. When the calcu-
lated value was 8.2 or greater, application of Mo had no effect on the
growth of alfalfa.
Gupta and MacKay (1968) stated that there was a significant rela-
tionship between the ammonium oxalate extractable Mo content of the
soil and the yield of crops when Mo was not applied to the soil.
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The importance of Mo for the fixation of gaseous nitrogen by
Azotohacter chroococcum was first demonstrated by Bortels (1930).
Later he showed that the growth and nitrogen fixation by peas, soy-
beans, and red clover were increased by an application of the element
(Bortels, 1937).
Mulder (1948) studied the effect of Mo on N fixation by pea plants
in culture solutions. He found that in the absence of Mo many nodules
were formed, but the N-fixing capacity of the nodules was greatly re-
duced and this resulted in a poor N supply to the plants. Hangstrom
and Berger (1963) reported that application of Mo increased the nodu-
lation and N content of soybeans and peas.
Bond and Hewitt (1961), working with Myrica grown in culture
solution, demonstrated the effectiveness of N fixation in the nodules of
plants supplied with Mo. Plants supplied with Mo fixed 383 mg of N
per gram of nodule dry matter formed, whereas the corresponding value
for plants that were Mo deficient was only 83 milligrams.
Steinberg (1936) presented evidence indicating that Mo had a spe-
cific function in Aspergillus niger that was not associated with N fixa-
tion. The work of Mulder (1948) confirmed the essentiality of Mo for
the utilization of nitrate by Aspergillus niger as well as by the green
plants. His results indicated that Mo is indispensable for the reduction
of nitrate in tomato plants. In the absence of Mo, NO3-N accumulated
in the tomato leaves and there were very small amounts of soluble or-
ganic N compounds and proteins formed. Mulder (1948) conducted
another experiment which showed that Mo was essential for the first
step of NO3 assimilation, which involved the reduction of NOg" to
NH4+. The leaves of tomato plants that were deficient in Mo and sup-
plied with NO3-N were yellow-green in color, while the addition of
NH4-N resulted in the formation of dark green leaves. The chemical
analysis of the leaf tissue indicated that the plants receiving NO3-N in
the absence of Mo contained more than 30 times as much NO3- as
did the ones supplied with Mo. The content of organic N was also
higher in the plants that received NH4-N than in those that received
NO3-N. The research conducted by Mulder (1948) indicated that with-
out Mo the formation of organic N from ammonia could not take place.
Evans et al. (1950) obtained similar results with alfalfa plants, and
their research indicated that legumes also required Mo for the reduction
of NO3-.
EXPERIMENTAL PROCEDURE
The research reported here was conducted during an 8-year period,
1964-1971. Thirty-four field experiments were conducted at 22 locations
in Louisiana. The experiments were located on soils in the major
soybean-producing areas of the state. The soil type, location, cooperator.
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type of experiment, and the method of applying molybdenum are pre-
sented in Table 1. For the pmpose of identification and convenience in
reporting, each soil and experimental location was arbitrarily assigned
a number from 1 to 22.
The design of the experiments involving the application of lime-
stone and molybdenum (Mo), experiments 1, 2, 21, and 22, was a
split-plot arrangement, with the limestone treatments occupying the
main plots and the Mo treatments occupying the sub-plots. Two rates of
limestone, none and 2 tons per acre, were used on Beauregard silt loam
in Allen Parish, experiment 1. The rates of limestone applied to Cal-
houn silt loam-experiment 2 and to Crowley silt loam-experiment 21
were none, 2, and 4 tons per acre. Twelve replications of each of the
t^vo limestone treatments were used on the Beauregard silt loam. The
three limestone treatments were replicated four times each on the Cal-
houn silt loam and on the Crowley silt loam. The design of the lime and
Mo experiment on Wrightsville silt loam in Jeff Davis Parish, experiment
22, ^vas a simple randomized block with four replications each of lime
and molybdenum and the combination of the two treatments. High
grade calcitic limestone served as the source of lime in all of the experi-
ments. The liming material was broadcast on the surface of the soil and
thoroughly incorporated into the top 4 inches by disking prior to plant-
ing soybeans.
With the exception of the experiment conducted on the Beauregard
soil in Allen Parish, experiment 1, each of the limed plots was composed
of 16 rows 3 1/3 feet wide and 100 feet long. In the Allen Parish experi-
ment the limed plots contained eight rows 3 feet wide and 200 feet long.
Sodium molybdate, Na2Mo04»2H20, containing 39.65% Mo, served
as the source of the element in all of the experiments. The methods of
apphmg Mo consisted of a seed, foliar, and soil treatment. A Mo seed
treatment was used at each of the 22 locations. In addition to the seed
treatment, a foliar and a soil treatment were employed on Calhoun silt
loam-experiment 2, on Norwood silt loam-experiment 4, on Yahola silt
loam-experiment 6, and on Crowley silt loam-experiment 21. A soil
application of Mo was also made to Wrightsville silt loam in Teff Davis
Parish.
In all of the experiments conducted from 1964 to 1967, the rate of
Mo^used as a seed treatment was 0.5 ounce (14.18 g) per acre. After the
1967 growing season, the rate of Mo used on the soybean seed was
reduced to 0.25 ounce per acre because of an apparent toxicity encoun-
tered at two locations following application at the higher rate. The soy-
bean seed treatment consisted of applying the Mo compound in 100 g
of water to 1 bushel of seed prior to inoculation and immediately before
plantmg. The seed and the combination of Mo and inoculum were
thoroughly mixed to insure that each seed was uniformly coated with
the mixture. The rate and method of applying Mo to the foliage was:
3 ounces of Mo per acre in a water solution sprayed on the foliage as a
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split application- 1.5 ounces applied when the soybeans were approxi-
mately 10 inches tall and the remaining 1.5 ounces when the soybeans
were in full bloom. The application of Mo to the soil was made by
dissolving the equivalent of 0.5 pound of Mo per acre in 10 gallons of
^vater and spraying the mixture broadcast on the soil surface prior to
planting.
With the exception of experiment 1 on Beauregard silt loam in
Allen Parish, each Mo plot consisted of four rows 40 inches wide and
100 feet long. In the Allen Parish experiment, the rows were 36 inches
^vide and 200 feet long. On plots that received Mo, all four rows were
treated. In order to minimize the possibility of border effect, the two
center ro^vs of each plot were harvested for yield measurements. Soy-
beans grown on all of the experiments were mechanically harvested and
the yield was reported in bushels per acre corrected to 13% moisture.
Prior to the initiation of the field experiments representative surface
soil samples were collected from each of the 22 experimental locations.
To ehmmate the possibility of contamination with Mo and other plant
nutrient elements, all soil samples were collected and stored in 18-ounce
plastic bags.
Extractable P, K, Ca, and Mg and soil reaction (pH) were determined
on all of the soil samples by the method outlined by Brupbacher et al.
(1968). The organic matter content of the soil was determined by the
chromic acid method reported by Walkley and Black (1934).
The cation exchange capacity of the soils was determined with am-
momum acetate adjusted to pH 7.0 as described by Jackson (1958). The
exchangeable cations, Ca, K, Mg, and Na, were determined on a Perkin-
Elmer Model 303 Atomic Absorption Spectrophotometer.
The total Mo content of the soils was determined by the thiocyanate
method using isopropyl ether as an organic extractant as suggested by
Purvis and Peterson (1956), after digesting the soil with perchloric acid
as described by Reisenauer (1956).
Ammonium oxalate adjusted to pH 3.3 with oxalic acid was used to
determine the extractable Mo content of each soil. The extracting solu-
tion was prepared by dissolving 24.9 grams of ammonium oxalate and
12.605 grams of oxalic acid in a liter of distilled water. A soil to extract-
ing solution ratio of 1:10 was used. A 25-gram sample of soil and 250
milliliters of extracting solution were agitated for 8 hours on a me-
chanical shaker and allowed to stand overnight before filtering. Gorlach
(1964) reported that a shaking time of 2 hours and standing time of 20
hours was sufficient for extracting Mo except on heavy-textured soils that
contained high amounts of the element.
The suspension of the soil and extracting solution was filtered through
Whatman No. 42 filter paper. A 100-milliliter aliquot of the filtrate was
evaporated to dryness on a hot plate. The residue was placed in a
muffle furnace at 450C for 4 hours to destroy organic matter. The resi-
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due was dissolved in 20 milliliters of 6.5 N HCl, refiltered, and diluted
to a final volume of 75 milliliters.
After the addition of a 10% solution of ammonium thiocyanate and
a solution of sodium nitrate and stannous chloride, a brownish-yellow
to orange color developed. Isopropyl ether was used to separate and
concentrate the Mo thiocyanate color complex.
According to Purvis and Peterson (1956), the formation of orange-
colored Mo-thiocyanate complex is produced in HCl in the presence of
a reducing agent. The colored complex can be extracted in ether or
other suitable solvents and the intensity of the color developed is pro-
portional to the concentration of Mo.
The intensity of the Mo-thiocyanate color complex formed was
measured on a Bausch and Lomb Spectronic 20 colorimeter. The amount
of Mo in the soil solution extract was determined by reference to a
calibration curve obtained by plotting the optical density reading with
the Mo concentration of the standards.
Soybean leaves from each plot at the 22 experimental locations were
sampled when the plants were in the early bloom stage of growth. The
first mature leaf from the top of the plant was selected for the chemical
analysis. Twenty fully-matured leaves from plants growing on each
plot were taken at random. The soybean leaves were placed in cloth
bags and dried in a forced draft oven at 70C. After drying for 24 hours,
the leaves were ground in a Wiley mill to pass a 20-mesh sieve and stored
in 4-ounce wide-mouth specimen bottles. The concentration of Mo in
the leaves was determined by dry ashing a 2-gi^am sample of plant ma-
terial in a muffle furnace at 550C for 4 hours. The ash was dissolved in
6.5 M HCl containing 0.5 gram of FeCl3»6HoO per liter and filtered
through Whatman No. 42 filter paper. The method for determining the
Mo content of the plant tissue was identical with the one followed in
the analysis of the soil. The Beckman Model DU Spectrophotometer
was used to measure the Mo concentration in the plant tissue.
The following equation proposed by Mueller et al. (1964) was used
to predict a yield response by soybeans to application of Mo: Soil reac-
tion (pH)
-f- (10 X ppm extractable Mo).
The yield data and the soil and the plant chemical analytical data
were statistically analyzed by the analysis of variance method described
by Steel and Torrie (1960).
RESULTS AND DISCUSSION
Chemical properties of the surface soils used in the molybdenum in-
vestigations are presented in Table 2. The textural classes of the soils
were very fine sandy loams, fine sandy loams, silt loams, and clays.
The extractable P contents of the two Beauregard silt loams-experi-
ments 1 and 10, the two Crowley silt loams-experiments 12 and 21, and
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Table 2.-Chemical properties of the soils used in the Mo investigations
Experiment Soil Extractablei Organic
number type P K Ca Mg matter
1X
—
—
—
—
— ppm - - — - - %
xjeaiiregard sil 20 114 272 120 1.73
9 Calhoun sil 90 170 390 139 0.63
9o Gallion sil 138 126 470 235 0.55
A Xor^vood sil 253 105 5,820 1,400 0.85
Ko Olivier sil 74 113 418 134 0.78
o Yahola vfsl 296 175 1,570 387 0.56
/ Gallion vfsl 180 125 270 105 • 0.48
QO Acadia sil 30 49 470 81 •• 1.51
q Jeanerette sil 48 85 980 195 ,1.48
in Beauregard sil 14 60 640 268 1.24
1
1
Cro^vley si I 49 75 750 182 1.19
1 o Crowley sil 5 40 470 143 1.23
1 913 Mantachie tsl 41 120 1,400 268 ' 0.58
l-t Calnoun sil 21 90 340 75 : .„ 1.15
15 Robinsonville fsl 157 180 1,140 170 1.76
16 Alligator clay 63 313 3,570 656 3.17
17 Perrv clay 25 330 3,040 813 4.32
18 Olivier sil 44 114 560 130 1.22,
19 Chastain clay 15 151 750 174 . 8.10
20 Commerce sil 220 140 1,280 326 1.29 ^
21 Crowley sil 9 71 770 194 1.33
^'
22 AVrightsville sil 40 41 340 62 1.06
1 Phosphorus was extracted with 0.1 normal hydrochloric acid containing 0.03
normal ammonium fluoride at a soil to extracting solution ratio of 1:20. Potassium,
calcium, and magnesium were extracted with 0.1 normal hydrochloric acid at a soil
to extracting solution ratio of 1:20.
the Chastain clay—experiment 19 were considered to be low for high
yields of soybeans. The Acadia silt loam-experiment 8, the Crowley silt
loam-experiment 12, and the Wrightsville silt loam-experiment 22 con-
tained relatively low contents of extractable K. Concentrated superphos-
phate, 20.2% P, and potassium chloride, 49.8% K, were applied at a
rate equivalent to 50 pounds each of P2O5 and KoO to the soils that
contained low levels of P and/or K. The Ca contents of the soils varied
from 270 ppm on Gallion very fine saixdy loam-experiment 7, to 5,820
ppm on Norwood silt loam-experiment 4. Calcium levels of less than
500 ppm, 1,000 ppm, and 2,400 ppm for the coarse-, medium-, and fine-
textured soils, respectively, were considered to be marginal for high
yields of soybeans. The Mg contents of the soils ranged from 62 ppm
on the Wrightsville silt loam-experiment 22 to 1,400 ppm on the Nor-
wood silt loam-experiment 4. The Mg levels in all of the soils were
considered to be adequate for the production of soybeans. Relatively
high amounts of organic matter were found in the Alligator clay-experi-
ment 16, the Perry clay-experiment 17, and the Chastain clay-experi-
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ment 19. These three soils were representative of recently-cleared forested
areas and they had been in cultivation only a short time prior to the
initiation of the Mo investigations. Seven of the 22 soils contained less
than 1% organic matter.
The cation exchange capacity, base saturation, soil reaction (pH),
and the total and extractable Mo contents of the soils are presented in
Table 3. The cation exchange capacities varied from 5.61 meq per 100
grams of soil for the Beauregard silt loam to 51.65 meq per 100 grams of
soil for the Alligator clay. The cation exchange capacities of Norwood
silt loam, Robinsonville fine sandy loam, Alligator clay. Perry clay, Chas-
tain clay, Commerce silt loam, and Crowley silt loam-experiment 21 were
considerably higher than were the cation exchange capacities of the re-
maining soils. The base saturation of the soils varied from 19.7% for
the Chastain clay to 100% for the Norwood silt loam. The soil reaction
ranged from pH 4.2 for the Alligator clay to pH 7.6 for the Norwood
silt loam. A highly significant positive correlation coefficient (r = 0.891)
Table 3.—The cation exchange capacity, percent base saturation, soil
reaction, and the total and extractable Mo contents of the soils
Cation Base Extract-
Experiment Soil exchange satu- Soil Totali able^
number type capacity ration reaction Mo Mo
meq/lOOg % pH -PPm
1 Beauregard sil 5.61 41.0 5.4 0.63 0.07
2 Calhoun sil 9.27 35.5 5.1 1.60 0.17
3 Gallion sil 5.57 59.8 5.3 0.87 0.15
4 Norwood sil 22.83 100.0 7.6 1.30 0.04
5 Olivier sil 8.28 36.3 5.1 1.31 0.16
6 Yahola sil 9.67 97.6 7.1 0.98 0.03
7 Gallion vfsl 7.47 26.6 4.9 0.75 0.04
8 Acadia sil 8.10 41.2 5.7 1.13 0.05
9 Jeanerette sil 8.99 43.3 5.4 1.50 0.14
10 Beauregard sil 8.03 54.1 5.7 1.61 0.12
11 Crowley sil 11.08 38.8 5.5 1.60 0.14
12 Crowley sil 10.35 40.2 5.6 1.64 0.18
13 Mantachie sil 6.95 21.4 5.4 0.88 0.22
14 Calhoun sil 11.62 38.1 4.9 0.78 0.21
15 Robinsonville fsl 18.46 67.5 6.2 1.62 0.18
16 Alligator clay 51.65 46.6 5.1 1.43 0.42
17 Perry clay 41.50 44.8 5.4 1.65 0.23
18 Olivier sil 10.20 46.2 5.6 1.60 0.19
19 Chastain clay 44.53 19.7 4.2 1.52 0.38
20 Commerce sil 24.20 60.7 6.4 1.30 0.22
21 Crowley sil 18.40 39.1 5.9 1.19 0.14
22 Wrightsville sil 6.52 37.8 5.1 1.55 0.12
iThe total Mo was determined after digesting the soils with HCIO4 by the thio-
cyanate method using isopropyl ether as the organic extractant.
2The Mo was extracted with ammonium oxalate adjusted to pH 3.3 with
acid. A soil to extracting solution ratio of 1:10 was used. The extracting time
hours.
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^\-as found bet^veen base saturation and the soil reaction (pH) of all of
the soils. The total Mo content of the soils ranged from 0.63 ppm for the
Beauregard silt loam-experiment 1, to 1.65 ppm for the Perry clay.
The Beauregard silt loam-experiment 1, the Gallion silt loam-experi-
ment 3, the Gallion ^ery fine sandy loam-experiment 7, and the Cal-
houn silt loam-experiment 14 contained less than 1 ppm of total Mo.
The extractable Mo contents of the soils varied from 0.03 ppm for the
Yahola silt loam to 0.42 ppm for the Alligator clay. The Beauregard silt
loam, the Nor^vood silt loam, the Yahola silt loam, the Gallion very
fine sandv loam-experiment 7, and the Acadia silt loam contained
significantly smaller amounts of extractable Mo than did the other soils.
The relationships as shown by correlation coefficients (r) between
extractable and total Mo contents and certain chemical properties of the
soils are presented in Table 4. Significant positive correlations were found
l^et^veen extractable Mo and extractable K, organic matter, and cation
exchange capacity. A significant negative correlation (r =
-0.502) was
found bet^veen soil reaction (pH) and the extractable Mo content of the
soils. The data indicated that as the soil reaction increased from pH
4.9 to pH 7.6, there was a corresponding decrease in the amount of Mo
extracted from the soils. Greenhouse and laboratory investigations in-
dicated that the ammonium oxalate-oxalic acid extractant adjusted to
pH 3.3 did not remove the Mo that was "available" to the soybean
plants grown on the Norwood silt loam, the Yahola silt loam, the Robin-
sonville fine sandy loam, or the Crowley silt loam. The data suggested
that the ammonium oxalate-oxalic acid extractant may not be a suitable
extractant for Mo on soils that have relatively high exchange capacities.
Significant relationships were not found between the total and extract-
able Mo contents of the soils. The total Mo content of the soils was not
related to any of the other soil chemical properties.
Table 4.-The relationships as shown by correlation coefficients (r)
between extractable and total Mo contents and certain chemical proper-
ties of the soils
Extractable Mo Total Mo
Chemical property (r)
Extractable P
-0.364
-0.223
Extractable K 0.523* 0.125
Extractable Ca 0.122 0.150
Extractable Mg 0.026 0.128
Organic matter 0.665** 0.311
Cation exchange capacity 0.747** 0.342
Base saturation
-0.388 0.008
Soil reaction, pH
-0.502*
-0.002
Extractable Mo 0.347
Total Mo 0.347
Denotes a significant difference at the 5% level of probability.
**Denotes a significant difference at the 1% level of probability.
17
The influence of soil reaction (pH) on the yield response by soybeans
to the application of Mo is presented in Table 5 and illustrated in
Figure 1. The data showed that the yield response by soybeans to ap-
plication of Mo decreased as the soil reaction increased from pH 4.9 to
pH 7.0. The largest increase in the yield of soybeans attributed to the
Mo treatment, 11.7 bushels per acre, was obtained on Gallion very fine
sandy loam with a pH of 4.9 in Caldwell Parish. The apphcation of
Mo to Calhoun silt loam, pH 4.9, experiment 14, resulted in an increase
in yield of only 1 bushel per acre. The Calhoun silt loam contained
an excessive or toxic amount of Mn and this condition may have resulted
in a lower yield and a smaller response to the Mo treatment. The leaves
of the soybean plants grown on the Calhoun soil were "crinkled" and
appeared to be smaller than normal. The affected leaves curved down-
ward at the tip and some developed a yellow color between the veins.
The yellowing of the interveinal tissue began at the tip of the leaf and
progressed toward the base of the leaf. The data presented in Figure 1
indicate that at a soil pH of 5.0, the application of Mo resulted in an
Table 5—The influence of soil reaction (pH) on the yield response by
soybeans to the application of Mo
Experiment Soil Increase from
number Soil type Location reaction application of Mo
parish pH bu./acre
14 Calhoun sil Franklin 4.9 1.0
7 Gallion vfsl Caldwell 4.9 11.7*
17 Perry clay Morehouse 5.1 1.1
5 Olivier sil W. Carroll 5.1 1.3
2 Calhoun sil Franklin 5.1 7.4*
22 Wrightsville sil Jeff Davis 5.1 8.2*
3 Gallion sil St. Landry 5.3 1.0
13 Mantachie sil Catahoula 5.4 1.3*
9 Jeanerette sil Evangeline 5.4 2.5*
1 Beauregard sil Allen 5.4 3.4*
11 Crowley sil St. Landry 5.5 2.2*
18 Olivier sil Rapides 5.6 1.2
12 Crowley sil Allen 5.6 1.4*
8 Acadia sil Jeff Davis 5.7 6.2*
10 Beauregard sil Beauregard 5.7 2.2*
21 Crowley sil Acadia 5.9 0.0
1 Beauregard sil Allen 6.0 1.7*
15 Robinsonville sil Tensas 6.2 0.0
2 Calhoun sil Franklin 6.2 1.1
Beauregard sil Allen 6.4 0.0
20 Commerce sil Tensas 6.4 0.0
2 Calhoun sil Franklin 7.0 0.0
6 Yahola sil Bossier 7.1 0.0
4 Norwood sil Rapides 7.6 0.0
Denotes significance at the 5% level of probability.
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average increase in vield of approximately 4.8 bushels of soybeans per
acre. An increase of approximately 2.6 bushels per acre was obtained
follo^v'ing the application of Mo to soils with a pH of 5.5. An average
increase of only 1 bushel per acre was obtained from the Mo treatment
^vhen the soil reaction was pH 6.0. A significant increase in yield from
the application of Mo was not obtained when the soil reaction was 6.2
or higher.
The influence of limestone and Mo on the yield of soybeans grown
on Beauregard silt loam-experiment 1 is shown in Table 6. The data
indicate that significantly higher soybean yields were obtained on limed
plots, irrespective of the Mo treatments. Application of Mo resulted in
increased yields, regardless of the limestone treatment. The highest
vield, 32.2 bushels per acre, occurred on limed soils that received Mo.
Only 26.7 bushels of soybeans were produced on unlimed soils that did
not receive Mo. There was no significant interaction between limestone
and Mo. The apphcation of limestone and Mo had no effect on oil or
protein content of the soybeans. The beans contained 18.3% oil and
40.0% protein, regardless of the treatment.
Soybean seed weights as influenced by the limestone and Mo treat-
ments are presented in Table 7. Higher seed weights were obtained
on limed soils, regardless of the Mo treatment. Mo increased the weight
of soybean seeds, whether or not limestone was applied.
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Fig. 1.—The influence of soil reaction (pH) on the yield response by
soybeans to the application of Mo on 22 soils.
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Table 6.—The effects of additions of limestone and Mo on yield of
Bienville soybeans grown on Beauregard silt loam, H. D. Dear farm,
Allen Parish, 1964
Limedi Nonlimed
Mo No Mo Mo2 No Mo
— bushels per acre
35.0 31.5 34.6 30.5
35.3 33.2 32.1 31.6
31.6 31.5 28.3 25.8
28.3 26.6 24.9 22.5
28.6 26.0 24.0 21.7
25.5 24.1 23.2 22.8
31.8 32.3 29.9 28.7
31.6 31.1 29.8 26.0
34.4 34.8 32.2 27.5
35.5 30.7 33.9 26.6
34.2 32.4 32.1 28.4
34.5 31.8 36.1 28.7
Avg. 32.2 30.5 30.1 26.7
iTwo tons of calcific limestone per acre were applied on April 10, 1964. Initially
the untreated soil had a pH of 5.4. The soil contained 20 ppm P, 114 ppm K, 272
ppm Ca, and 120 ppm Mg. The organic matter content was 1.73%.
2Mo as sodium molybdate, (Na2Mo04»2H20) 39.657o Mo, was applied at a rate of
0.5 ounce Mo per acre. Soybean seeds were treated with Mo prior to inoculation.
Cooperators: Hanson Firmin, County Agent, C. H. Jordan, Associate County
Agent, and Olen D. Curtis, Associate Specialist (Agronomy), L.S.U.
Table 7.—The effects of additions of limestone and Mo on seed weight
of Bienville soybeans on Beauregard silt loam, H. D. Dear farm, Allen
Parish, 1964
Limed Nonlimed
Mo No Mo Mo No Mo
weight in grams, 100 seed -
15.88 15.52 15.60 15.70
16.39 16.50 14.86 14.96
15.13 15.16 16.06 14.62
16.86 14.38 15.20 13.54
14.51 15.76 14.69 14.24
15.94 16.10 14.76 13.08
16.55 16.10 16.45 15.23
16.10 15.98 15.92 15.00
15.62 15.86 15.84 14.93
16.50 16.28 15.86 15.49
16.20 15.20 16.04 14.42
16.48 16.19 16.24 14.72
Avg. 16.01 15.75 15.63 14.66
Seed weights were determined by Mr. D. B. Johnson, State Department of Agri-
culture and Immigration, Seed Testing Laboratory.
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In 1965, field investigations involving different rates and methods of
application of Mo for soybeans were conducted on five soil types in
Louisiana. The soils at the experimental locations were Calhoun silt loam
in Franklin Parish, experiment 2; Gallion silt loam in St. Landry Parish,
experiment 3; Norwood silt loam in Rapides Parish, experiment 4;
Olivier silt loam in West Carroll Parish, experiment 5; and Yahola very
fine sandy loam in Bossier Parish, experiment 6. Experimental locations,
soil types, treatments, and yields are shown in Table 8. The relatively
lo^v yield occurring on Calhoun silt loam in Franklin Parish, irrespective
of Mo treatment, was attributed in part to dry weather when soybeans
^vere developing pods. The highest soybean yield, 64.2 bushels per acre,
occured on Yahola very fine sandy loam in Bossier Parish that received
0.5 pound of Mo per acre as a broadcast soil application. The differences
in yield from the Mo treatments on any one soil were not statistically
significant.
.-Effect of Mo applied to soybeans on different soils in Louisiana,
1965
Location
(Parish)
Soil
type
Mo treatmenti
Check Seed Foliar Soil
yield, bushels per acre —
Franklin Calhoun sil 14.1 15.6 15.6 13.4
St. Landrys Gallion sil 35.7 36.7
Rapides Norwood sil 33.9 33.5 33.9 34.1
W. Carroll2 Olivier sil 31.5 32.8
Bossier Yahola vfsl 58.2 61.7 59.6 64.2
1 One-half ounce Mo/A. applied to seed, 3 ounces Mo to foliage, and 0.5 pound to
soil.
sExperiments conducted in cooperation with N. Dubuisson, farmer, and J. J.Robert, Associate County Agent, St. Landry Parish, and J. Y. Smith, farmer, and
S. C. Ferguson, Associate County Agent, West Carroll Parish.
Four field investigations involving different rates and methods of
application of Mo for soybeans were conducted on four different soils
m Louisiana in 1966. The soils and experimental locations were: Nor-
wood silt loam at the Dean Lee Agricultural Center, experiment 4; Com-
merce silt loam at the Northeast Louisiana Experiment Station, experi-
ment 20; Yahola very fine sandy loam at the Red River Valley Experiment
Station, experiment 6; and Crowley silt loam at the Rice Experiment
Station, experiment 21.
Experimental locations, soil types, treatments, and yields are pre-
sented in Table 9. The differences in yield from Mo treatments on any
one soil were not significant. Higher but nonsignificant increases in yield
have been noted from all Mo treatments on Yahola very fine sandy loam
at the Red River Valley Experiment Station. The highest yield, 50.8
bushels per acre, occurred on the Yahola soil when soybeans received 3
ounces of Mo as a foliar spray.
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Table 9—The effects of different rates and methods of applying Mo on
the yield of soybeans grown on different soils and locations in Louisiana,
1966
Experiment Soil Mo treatment
location type Check Seedi Foliar2 Soils
— bushels of soybeans per acre —
Dean Lee Agricultural
Center Norwood sil 41.1 41.3 40.5 40.6
N.E. La. Exp. Sta. Commerce sil 48.2 47.7
R. R. Valley
48.4Exp. Station Yahola vfsl 47.3 48.4 50.8
Rice Exp. Station Crowley sil 44.6 43.0 44.4 44.3
1 One-half ounce of Mo applied to seed prior to inoculation before planting.
2Three ounces of Mo applied as foliar spray— 1 1/2 ounces applied after soybeans
were up to a stand and the remainder when plants were blooming.
sOne-half pound of Mo applied as a broadcast treatment to the soil.
The effect of Mo on the yield of soybeans grown at the nine outfield
locations in Louisiana in 1966 is presented in Table 10. A significant in-
crease in yield resulted from the addition of Mo at six of the nine loca-
tions. The largest increase, 11.7 bushels per acre, occurred on Gallion
silt loam in Caldwell Parish. The soil pH was 5.2 and the dilute acid-
extractable calcium was 510 ppm. Significant yield increases were also
recorded on Acadia silt loam, Jeanerette silt loam, Beauregard silt loam,
and Crowley silt loam.
Table 10.—The effect of Mo on the yield of soybeans grown at nine
outfield locations in Louisiana, 1966^
Location Soil Yield in bushels per acre
(Parish) Ca Soil Increase
Soil types ppm pH No Mo Mo3 from Mo
Caldwell Gallion sil 510 5.2 35.2 46.9 11.7*
Jeff Davis Acadia sil 430 5.7 28.3 34.5 6.2*
Evangeline Jeanerette sil 980 5.4 42.3 44.8 2.5*
Beauregard Beauregard sil 640 5.7 37.6 39.8 2.2*
St. Landry Crowley sil 980 6.2 33.2 35.4 2.2*
Allen Crowley sil 470 5.6 27.7 29.1 1.4*
Catahoula Mantachie fsl 1,400 5.4 44.4 45.7 1.3
Franklin Calhoun sil 340 4.9 20.7 21.7 1.0
Tensas Robinsonville vfsl 1,140 6.2 57.0 55.7 - 1.3
*The differences in yield from the use of Mo were statistically significant at the
5% level of probability.
iThe experiments were conducted in collaboration with the following personnel
of the Louisiana Cooperative Extension Service: Donald Mollis, Gilbert Martin, C. J.
Tassin, H. E. Deere, J. J. Robert, Hanson Firmin, E. E. Johnson, A. W. Johnson, and
C. B. James.
2Soils classified by S. A. Lytle, Louisiana Agricultural Experiment Station.
3Mo at the rate of 0.5 ounce per acre as Na2Mo04»2H20, containing 39.657o Mo,
was mixed with the seed immediately before inoculating and planting.
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The response of soybeans to Mo fertilization appeared to be associated
with the dilute acid-extractable calcium content of the soil and with
soil reaction (pH). Statistically significant increases in soybean yields were
obtained from the use of Mo on soils that contained less than 1,000 ppm
of calcium when soil pH values were from 5.2 to 6.2.
The eflEects of applications of Mo and limestone on yield of Lee soy-
beans grown on Calhoun silt loam-experiment 2 are presented in Table
11. On unlimed soil, the highest yield of 29.6 bushels per acre was ob-
tained ^dien Mo ^vas placed on the seed. However, this treatment was
not significantly better than other rates of Mo and application methods
tested. The Mo seed treatment resulted in a significant yield increase of
7.4 bushels of soybeans per acre on soils that had not received lime. On
plots that did not receive Mo, the use of 2 tons of limestone per acre re-
sulted in a yield increase of 8.9 bushels of soybeans per acre. An addi-
tional increase of 6.1 bushels per acre was recorded when 4 tons of lime-
stone were used. A total increase over the check of 15 bushels per acre
was attributed to the limestone treatment at the rate of 4 tons per acre.
Statistically significant yield differences were not obtained from the use
of Mo where limestone was used on this soil.
Table 11.—The effects of limestone and rates and methods of placement
of Mo on yield of soybeans grown on Calhoun silt loam at the Macon
Ridge Branch Experiment Station, 1966
Limestone Soil Mo treament
treatment reaction Check Seedi Foliar2 Soils
Tons/acre pH — yield, bushels per acre — —
Check 5.1 A4 22.2 a5 B 29.6 a B 28.8 a B 29.1 a
Two 6.2 A 31.1 b A 32.2 ab A 34.0 b A 34.1 b
Four 7.0 AB 37.2 c A 34.3 b AB 37.4 b B 38.7 b
lOne-half ounce Mo applied to seed immediately before inoculation and prior to
planting.
-Three ounces of Mo applied to foliage as a spray in split applications— li/^
ounces after soybeans were up to a stand and the remainder when plants were bloom-
ing.
-One-half pound Mo applied as a broadcast treatment to the soil.
4Any means within a row preceded by a capital letter in common do not differ
significantly at the 5% level of probability.
•^Any means within a column followed by a small letter in common do not differ
significantly at the 5% level of probability.
Field investigations involving different rates and methods of appli-
cation of Mo for soybeans were conducted on four soils at different loca-
tions in Louisiana in 1967. The soils and experimental locations were
Norwood silt loam at the Dean Lee Agricultural Center, experiment 4;
Commerce silt loam at the Northeast Louisiana Experiment Station,
experiment 20; Crowley silt loam at the Rice Experiment Station, ex-
23
periment 21; and Yahola very fine sandy loam at the Red River Valley
Experiment Station, experiment 6. The effects of the Mo treatments on
the yield of soybeans are presented in Table 12. On Commerce silt loam
and Yahola very fine sandy loam, differences in yield due to the applica-
tion of Mo were not statistically significant. The Mo seed treatment re-
sulted in a significant reduction in the yield of soybeans on Norwood
silt loam and Crowley silt loam. A reduction in stand was noted early
during the growing season on the Mo-seed-treated soybeans grown on
the Norwood and Crowley soils. Plants at early bloom were below normal
in size, and mature top leaves contained relatively high concentrations
of Mo.
Table 12—The effects of different rates and methods of placement of
Mo on the yield of soybeans, 1967
Experiment Soil Mo treatment
location type Check Seedi Foliar2 Soils
yield, bushels per acre
Dean Lee Agr. Center Norwood sil 43.6 32.6* 41.3 40.3
N.E. La. Exp. Station Commerce sil 51.0 50.1
Rice Experiment Station Crowley sil 31.6 25.1* 32.3 31.3
R. R. Valley Exp. Sta. Yahola vfsl 45.4 41.9 46.0 45.1
Differences in yield were significant at the 5% level of probability.
lOne-half ounce of Mo applied to the seed prior to planting.
2Three ounces of Mo applied to the foliage.
30ne-half pound of Mo broadcast on the soil before planting.
Four outfield investigations were conducted on soils at different loca-
tions to determine the effect of Mo on the yield of soybeans. The soils
and experimental locations selected were Alligator clay in Catahoula
Parish, experiment 16; Perry clay in Morehouse Parish, experiment 17;
OHvier silt loam in Rapides Parish, experiment 18; and Chastain clay
in Union Parish, experiment 19. With the exception of the experiment
conducted in Rapides Parish on Olivier silt loam, all of the experimen-
tal areas were located on recently cleared land.
The effect of Mo on the yield of soybeans grown at the four loca-
tions is presented in Table 13. A statistically significant increase in yield
resulted from the addition of Mo at two of the four locations. On Perry
clay, located on the A. R. McGinty farm in Morehouse Parish, the use
of Mo resulted in a yield increase of 1.1 bushels of soybeans per acre.
The Mo treatment resulted in a 1.2-bushel per acre increase on Olivier
silt loam on the George Tuma farm in Rapides Parish.
Soybeans grown on Chastain clay in Union Parish were not harvested
for yield measurement because of very low yields which were due in
part to extremely dry weather which occurred throughout the growing
season.
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The effects of Mo and limestone on the yield of soybeans grown on
Calhoun silt loam-experiment 2 are presented in Table 14. On unlimed
soil, the highest yield, 26.7 bushels per acre, was obtained when Mo was
broadcast on the soil surface. However, this treatment was not superior
to the other rates of Mo and application methods tested on plots that did
not receive limestone. All rates and methods of placement of Mo re-
sulted in higher yields than were obtained on check plots. The use of
Mo on unlimed soil resulted in a yield increase of from 5.6 to 6.1 bushels
of soybeans per acre at the rates and methods of application of Mo that
were compared.
On plots that did not receive Mo, the use of 2 tons of limestone per
acre resulted in a yield increase of 4.6 bushels of soybeans per acre.
An additional increase of 2.3 bushels per acre was recorded when 4 tons
of limestone were used. Statistically significant yield differences were not
obtained from the use of Mo where limestone was used.
Table 14.—The effects of limestone and rates and methods of placement
of Mo on yield of soybeans grown on Calhoun silt loam^ at the Macon
Ridge Branch Experiment Station, 1967
Limestone Mo treatment
treatment Check Seed2 Foliars Soil4
Tons/acre yield, bushels per acre
Check A5 20.6 a6 B 26.2 a B 26.2 a B 26.7 a
Two A 25.2 b A 27.5 a A 25.7 a A 25.9 ab
Four A 27.5 c B 23.9 b A 27.8 a AB 24.4 b
ilnitially the soil contained 74 ppm of dilute acid-extractable P, 113 ppm of K,
418 ppm of Ca, and 134 ppm of Mg. The pH of the soil was 5.1.
20ne-half ounce of Mo was applied to the seed before inoculation.
-Three ounces of Mo were applied to the foliage as a spray in split applications—
1.5 ounces when soybeans were up to a stand and the remainder when plants were
blooming.
^One-half pound of Mo was applied broadcast to the soil before seeding.
5Any means within a row preceded by a capital letter in common do not differ
significantly at the 5% level of probability.
6Any means within a column followed by a small letter in common do not differ
significantly at the 5% level of probability.
Some agronomists consider plant tissue analysis as a valuable diag-
nostic technique, not only for determining critical levels of essential
plant nutrients in the tissue of various crops but also to evaluate crop
response to various nutrient applications.
The effects of different rates and methods of application of Mo on
the Mo content of leaf tissue of soybeans grown on three different al-
luvial soils are presented in Table 15. The broadcast application of Mo
to each of the soils resulted in the largest concentration of Mo in the
leaves of the soybean plants. The leaves of plants grown on the Yahola
26
soil at the Red River Valley Experiment Station that did not receive
Mo contained a smaller amount of Mo than was found in leaves at other
locations. The largest content of Mo in soybean leaves resulted from
the addition of Mo to Yahola very fine sandy loam.
Table 15—The effects of different rates and methods of application of
Mo on the Mo content of leaf tissue of soybeans grown on three alluvial
soils, 1967
Experiment Soil Mo treatment
location type Check Seedi Foliar2 Soils
Mo in leaf tissue, ppm
Dean Lee Agr. Center Norwood sil 0.85 1.76 8.65 18.48
R. R. Valley Exp. Sta. Yahola vfsl 0.22 0.61 19.44 34.68
X.E. La. Exp. Station Commerce sil 0.67 2.56 13.24 27.43
1 One-half ounce of Mo per acre was applied to seed prior to inoculation and
immediately before planting.
-One and one-half ounces of Mo per acre were applied as a spray on soybean
lea\es.
^One-half pound of Mo broadcast on soil surface before planting.
The effects of applications of limestone and Mo on the Mo content
of soybean leaves grown on Calhoun silt loam, Perry clay, Crowley silt
loam, and Chastain clay are presented in Table 16. The Mo content of
the leaves of soybeans grown on untreated Calhoun silt loam at the
Macon Ridge Experiment Station was 0.14 ppm. This concentration of
Mo is considered to be low, and a yield response of about 6 bushels per
acre was obtained from the use of Mo. The application of limestone to
all the soils caused an increase in both native and applied Mo in the
leaves of the soybean plants.
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The data in Table 17 indicate that raising soil pH by liming had
no significant influence on the amount of Mo extracted from the soils
^vith ammonium oxalate-oxalic acid adjusted to pH 3.3. However, soil re-
action (pH) had a significant eff^ect on the concentration of Mo in the
leaves of soybean plants grown on five of the seven soils. Significantly
larger concentrations of Mo were found in the leaves of plants grown on
Gallion. Acadia, Jeanerette, and Crowley soils that were adjusted with
limestone to pH 6.0 or higher. The data suggest that the extracting solu-
tion did not remo^•e all of the Mo from the soil that was "available" to
the plants.
Table 17.—The influence of soil reaction (pH) on extractable Mo in the
soil and Mo concentration in leaves of Dare, Lee, and Bossier soybeans
grown on seven soils
Sou Mo concentration
number type Cultivar reactioni Soil Leaves
pH ppm ppm
2 Calhoun sil Dare 5.5 0.18 0.18
6.7 0.16 0.26
5 Olivier sil Lee 5.1 0.25 0.30
6.0 0.25 0.40
7 Gallion vfsl Dare 4.9 0.10 0.10
6.0 0.13 0.27
8 Acadia sil Bossier 5.7 0.25 0.34
6.6 0.28 0.47
9 Jeanerette sil Dare 6.0 0.30 0.12
6.5 0.28 0.59
11 Crowley sil Dare 5.5 0.19 0.18
6.8 0.22 0.42
21 Crowley sil Bossier 6.4 0.31 0.14
7.0 0.31 0.29
LSD, 5% ns 0.13
iCalcitic limestone was used on each soil to adjust the soil reaction to the higher
pH value.
The effects of the different Mo treatments on the yield of soybeans
grown on Norwood silt loam-experiment 4 for a 5-year period are
presented in Table 18. The application of Mo to the seed, the foliage, or
soil did not increase the yield of soybeans in any year. In 1967, the Mo
seed treatment resulted in a significant reduction in the yield of soy-
beans. The reduction in yield may have been due to toxicity caused by
improper mixing of the Mo material with the seed before planting. A re-
duction in stand was noted early during the growing season of 1967 on
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Table 18.—The effects of different rates and methods of application of
Mo on the yield of soybeans grown on Norwood silt loam at the Dean
Lee Agricultural Center, 1965-69
Mo treatment
Year Check Seedi Foliars Soils
bushels per acre, average of 4 replications —
1965 33.9 33.5 33.9 34.1
1966 41.1 41.3 40.5 40.6
1967 43.6 32.6* 41.3 40.3
1968 43.3 41.0 41.2 42.8
1969 46.7 43.2 44.9 44.4
5-Yr. avg. 41.7 38.3 40.4 40.4
*A statistically significant reduction in yield resulted from the Mo seed treatment
in 1967.
1 One-half ounce of Mo was applied to the seed before inoculation in 1965, 1966,
and 1967. In 1968 and 1969, one-fourth ounce of Mo was used.
2Three ounces of Mo were applied to the foliage as a spray in split applications—
1.5 ounces when soybeans were up to a stand and the remainder when the plants were
blooming.
^One-half pound of Mo was applied broadcast to the soil before seeding.
the Mo-seed-treated soybeans. A reduction in stand was not encountered
during the other years of the investigation. In 1967, soybean plants at
early bloom were below normal in size and mature top leaves contained
relatively high amounts of Mo.
The Mo treatments had no significant effect on the moisture content,
seed weight, or germination of Lee-68 soybeans in 1969.
The effects of applications of Mo, CaCO,, and CaS04 and the in-
fluence of soil reaction (pH) on the yield of Bragg soybeans grown on
Wrightsville silt loam are presented in Table 19. The data show that
the application of Mo alone to the soil at pH 5.0 resulted in a significant
increase of 8.2 bushels of soybeans per acre. Significant yield increases
were also obtained from the application of CaCOg alone at a rate of
2 tons per acre and when the CaCOg was used with CaS04 and Mo.
The application of CaCOg at a rate of 1 ton per acre with CaSO^ did
not significantly increase the yield of soybeans. The data indicated that
the response to Mo was closely related to the soil reaction (pH) and
that one of the benefits derived from liming acid soils may be associated
with the increase in the solubility of indigenous soil Mo. Under acid
soil conditions, Mo is held tightly by soil clays and hydrated oxides of Fe
and Al and thus its availability to plants may be inadequate (Hodgson,
1963).
The influence of soil reaction (pH) on the concentration of Mo in
the soil and leaves of Lee soybean plants grown on Olivier silt loam is
presented in Table 20. The data show that soil reaction (pH) had no
significant effect on the extractable Mo concentration of the Olivier
silt loam. However, soil reaction (pH) had a relatively large and signifi-
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Table 19.-The effects of applications of Mo, CaCOg, and CaSO, and the
influence of soil reaction (pH) on the yield of Bragg soybeans grown on
^Vrightsville silt loam, Sherman Fontenot farm, TefFerson Davis Parish,
1971
Increase
Treatment
Soil over
reaction Yield check
pH — bushels per acre —
Check 5.1 39.0
Moi 5.0 47.2 8.2*
CaC032 6.5 45.6 6.6*
CaCO.,3. CaSO_^4 5.6 41.0 2.0
CaCO^^, CaSO^, Mo 5.8 45.5 6.5*
LSD, 5%: 5.4
•Denotes significance at the 5% level of probability.
iMo was applied to the soil at a rate equivalent to 0.5 pound per acre as
Xa.,MoO/2H,0, 39.65% Mo.
-CaCO^ used alone was applied at a rate of 2 tons per acre as oystershell flour,
96.7% CaCO^.
sCaCOg used with CaSO^ and Mo was applied at a rate of 1 ton per acre.
^CaSO^ applied at a rate of 1.6 tons per acre, as gypsum, 28.4% Ca and 23.1%o S.
cant influence on the Mo concentration in the leaves of the Lee soy-
bean plants. Adjusting the soil reaction from pH 5.1 to pH 7.5 resulted
in an increase from 0.41 ppm to 1.30 ppm in the concentration of Mo
in the soybean leaves. The data suggest that the chemical analysis of
soybean leaf tissue may be a useful "diagnostic" technique in evaluating
the Mo status of the plants. Due to a relatively low concentration of
extractable Mo found in many soils, together with certain errors inherent
in the collection of soil samples and subsequent chemical analyses, it
would be questionable whether a soil analysis for Mo would afford a
good method for predicting a response to applied Mo.
Table 20.-The influence of soil reaction (pH) on the concentration of
Mo in the soil and leaves of Lee soybean plants grown on Olivier silt
loam-experiment 5
Concentration of Mo
Reaction In soil In leaves
pH - - - ppm -
5.1 0.26 0.41
6.0 0.25 0.40
6.7 0.29 0.50
7.2 0.27 0.65
7.4 0.29 0.86
7.5 0.29 1.30
LSD, 5% ns 0.10
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An equation based on research conducted by Mueller et al. (1964)
was used to predict a yield response by soybeans to the application of
Mo. The data presented in Table 21 indicate that a yield response to
applied Mo was usually obtained when the soil pH -j- (10 x the ppm
extractable Mo content of the soil) was less than 7.5. Significant yield
responses to applications of Mo were obtained on nine of the 16 soils.
The reaction of the soils varied from pH 4.9 to 7.6. The extractable
Mo contents of the soils varied from 0.03 ppm to 0.42 ppm. The Norwood
silt loam and the Yahola very fine sandy loam contained the lower
amounts of extractable Mo; however, a significant yield response to
Mo was not obtained on these soils. The data suggest that soil reaction
(pH) together with the extractable Mo content of a soil, can be used
with a reasonable degree of accuracy to predict a yield response by
soybeans to applications of Mo. However, soil reaction (pH) or the
extractable Mo content alone should not be used as a criterion for
predicting a response. These data are in agreement with those obtained
by Davies (1956) and Parker and Harris (1962), who reported that a
response to Mo could be predicted if the Mo content of the soil was
associated with the soil reaction (pH). Mueller et al. (1964) found that
application of Mo stimulated the growth of alfalfa when the value
Table 21.—The soil reaction (pH) and extractable Mo content of the
soil used to predict a yield response by soybeans to application of Mo
Experiment Soil
number type
Soil
reaction
Extract-
able
soil
Mo
Soil pH
4- (10 X ppm
extractable Mo)i
Measured
response
pH ppm
8 Acadia sil 5.7 0.05 6.2 *2
16 Alligator c 5.1 0.42 9.3 ns3
14 Calhoun sil 4.9 0.21 7.0 ns
2 Calhoun sil 5.1 0.17 6.8 *
20 Commerce sil 6.4 0.22 8.6 ns
12 Crowley sil 5.6 0.18 7.4 *
21 Crowley sil
;
5.9 0.14 7.3 *
11 Crowley sil 5.5 0.14 6.9 *
3 Gallion vfsl 5.3 0.04 5.7 *
7 Gallion vfsl 4.9 0.04 5.3
9 Jeanerette sil 5.4 0.14 6.8 #
13 Mantachie fsl 5.4 0.22 7.6 ns
4 Norwood sil 7.6 0.04 8.0 ns
17 Perry c 5.4 0.23 7.7 «
15 Robinsonville vfsl 6.2 0.18 8.0 ns
6 Yahola vfsl 7.1 0.03 7.4 ns
lA significant yield response was usually obtained when the soil pH (10 x the
ppm extractable Mo content of the soil) was less than 7.5.
2Denotes a significant difference in yield at the 5% level of probability.
^Denotes a nonsignificant difference in yield.
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obtained by the equation soil pH + (10 x the ppm extractable Mo con-
tent of the soil) was 6.2 or less. When the calculated value was 8.2 or
greater, application of Mo had no effect on the growth of alfalfa.
SUMMARY AND CONCLUSIONS
During an 8-year period (1964-1971), 22 field experiments with
molybdenum (Mo) on soybeans were conducted at different locations
in Louisiana to determine the effects of applications of Mo on the yield
of soybeans. The Mo concentration in the leaves of soybean plants grown
on the soils was also determined. An attempt was made to relate the
extractable and total Mo contents of the soils to certain chemical soil
properties. From the data obtained over an 8-year period, the following
conclusions were drawn.
1. There was a significant increase in the yield of soybeans from
the application of Mo at 11 of the 22 experiment locations. A yield re-
sponse to application of Mo was obtained on soils with pH values of
4.9 to 6.0. A significant increase in the yield was not obtained on soils
at a pH of 6.2 or higher. The extractable Mo content of the soils on
which a significant yield response to added Mo was obtained varied
from 0.04 ppm to 0.22 ppm; however, a critical concentration of Mo in
the soil was not established. The data suggested that ammonium oxalate-
oxalic acid was not a suitable extractant for Mo on soils that have
relatively high exchange capacities.
2. Significant positive correlations were found between extractable
Mo and extractable potassium, organic matter, and cation exchange
capacity. A significant negative correlation was obtained between the
extractable Mo content of all of the soils and the soil reaction (pH).
The total Mo content of the soils was not related to extractable Mo
or to the other soil chemical properties.
3. Significant increases in the yield of soybeans were obtained fol-
lowing appHcation of Mo to silt loam soils when the concentration of
Mo in the leaves of the plants was 0.14 ppm or below. The application
of Mo or limestone resulted in significant increases in the concentration
of Mo in the soybean leaves. There were no significant interactions be-
tween the applications of Mo and limestone.
4. Applications of Mo as a seed, foliar, or soil treatment proved to
be equally effective in correcting Mo deficiency on the acid soils. The
seed treatment was more economical, since a smaller quantity of Mo was
required. However, certain precautions had to be followed in applying
Mo directly to the seed. On Crowley and Norwood silt loam, the appli-
cation of 0.5 ounce of Mo per acre as a seed treatment resulted in
significant reductions in the stand and yield of soybeans. The stand and
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yield reductions were due to an excessive amount of water used on the
soybean seed at the time the Mo was added. The excess water allowed
the sodium molybdate to penetrate the seed embryo and resulted in in-
jury.
5. An equation based on soil reaction (pH) and Mo extracted from
the soils with ammonium oxalate-oxalic acid was proposed to predict a
yield response by soybeans to application of Mo. Evidence was presented
which indicated that a response to applied Mo was usually obtained
when the soil pH
-f (10 x the ppm extractable Mo content of the soil)
was less than 7.5.
6. There appears to be a critical need for applications of limestone
or Mo on many of the soils used for the production of soybeans in
Louisiana. On soils with pH values below 5 the use of Mo is not rec-
ommended due to toxicities encountered from excessive amounts of
manganese and possibly aluminum. The application of Mo at a rate of
0.25 ounce per acre to the seed prior to inoculation and immediately
before planting soybeans on soils with pH values from 5.2 to 6.2 proved
to be an efficient and inexpensive way to supply Mo to the plants. How-
ever, the Mo seed treatment was not superior to the foliar or soil
treatments. Mo should not be used on soils that have been limed to
pH 6.2 or higher. Under certain cropping and soil conditions, it may
be more feasible to apply Mo than to lime the soil to pH 6.2. The
"availability" of zinc, copper, manganese, and boron is often significantly
reduced when soils are limed to above pH 6.0.
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